ABSTRACT N-Hydroxyacylnornicotine, newly discovered from fresh plant tissue, was found entirely in the trichome exudate produced at the epidermis of the aerial part of Nicotiana stocktonii. Nicotine and nornicotine, but not N-hydroxyacylnornicotine, were present inside of the trichomes as well as other internal parts of the plant. Only nicotine was found in bleeding sap squeezed from cut roots or stems. Feeding of leaves with 2'-'4C-labeled nicotine primarily yielded labeled nicotine, nornicotine, and Nhydroxyacylnoraicotine. When similarly labeled nornicotine was fed to leaves as a precursor, a labeled N-hydroxyacylnornicotine was obtained, with a higher specific activity than with the 12'-4Cinicotine feeding.
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The presence of a new type of tobacco alkaloid from fresh plant tissue has been recently reported from the genus Nicotiana, section Repandae. This group of alkaloids contains an acylated nitrogen on the pyrrolidine ring. The major component among them is the [iso-N'(3-hydroxy-12-methyltetradecanoyl)]-nomicotine (20) . The N-acylnornicotine type of pyridine alkaloids has been found earlier only in air-cured or harvested and aged leaves of N. tabacum (13, 14) . In the plant kingdom the N-acylated pyrrolidine ring is very rare (12) . Also, this type of nicotine alkaloid is selectively toxic to the larvae of Manduca sexta, in contrast to other tobacco herbivores (7, 10, 18) .
We regarded the above mentioned nicotine alkaloid of Repandae as an interesting subject of studies because (a) of its novelty, (b) the biosynthesis of this chemical reveals a previously rarely considered aspect of plant physiology and (c) its potential use as a model for a new approach to genetically engineering of plants for insect resistance. We initiated a study on the distribution and synthesis of the alkaloid in the plant, and in the present work we report the localization of N-hydroxyacylnornicotine to the exudate and its probable synthesis from nicotine via nornicotine.
MATERIALS AND METHODS
Plants. The Nicotiana stocktonii plants were grown in the greenhouse in pots using standard soil mixture and were fertilized ' Extraction of Nicotine Alkaloids. Quantitation of Cold and Labeled Alkaloids. For estimation of N-hydroxyacylnornicotine production the leaves were washed for 5 min with acetonitrile. The surface wash was evaporated and then dissolved in 3 ml chloroform. The chloroform was partitioned against 3x 1 ml acidified water with HCO (pH 2), then dried with Na2SO4 and evaporated. This fraction was the preparative source of N-hydroxyacylnornicotine. The acidic water was made basic with NaOH (pH 12) and partitioned against 3x 1 ml chloroform, which was collected and evaporated. This fraction contained only a trace amount of nicotine and did not contain N-hydroxyacylnornicotine. The internal nicotine and nornicotine content of homogenized leaves was chloroform extracted, the chloroform evaporated, the alkaloid residue TLC purified, eluted, dried and dissolved in 100 gl ethanol. The quality of alkaloids in each of the above mentioned fractions was determined by TLC chromatography; the quantity was estimated by visual comparison of the thin layer chromatograms to dilutions of standards. Aliquot parts of the obtained alkaloid concentrates were either diluted up to 1 ml with 0. (19) . We observed that CH2Cl2 extracts nicotine and N-hydroxyacylnornicotine (Fig. 1, lane c) , destroys the leaf surface (Fig. 2e) and causes the leaf to collapse (Fig. 2f) . This result suggests that the methylene chloride extracts not only the surface but also the internal tissue and it is consistent with another recent report about the effect of this solvent (11) .
The exudate containing N-hydroxyacylnornicotine can be selectively washed from the leafwith acetonitrile (7). This chemical extracts only a trace amount of nicotine (Fig. 1, lane a) and its only visible effect on the leaf surface is the elution of exudate drops from the glandular trichomes (Fig. 2, c and d) . The leaf survives the 5 min acetonitrile treatment (Fig. 2f) , and it is able to secrete the N-hydroxyacylnornicotine again (Table I ). This result shows that the acetonitrile is a more specific agent to elute the N-hydroxyacylnornicotine from the leaf surface than the methylene chloride. Therefore, the acetonitrile was used to collect surface alkaloids in the following experiments.
The surface wash of the root did not contain N-hydroxyacylnornicotine (Fig. 3, lane a) . The surface of petioles and stems contained this alkaloid (Fig. 3, lanes c and e) , as did the leaf surface extract (Fig. 1, lane a) ; the amount of this substance was about half of that of the internal nicotine. There was more acylated nornicotine at the surface of leaf than petiole and stem.
The internal tissue of surface washed leaves, petioles, stems, and roots contains nicotine, nornicotine, and some unidentified alkaloids, one of which is apparently anabasine (by RF and color).
The order of internal alkaloid content per fresh weight was higher in the root than the leaf, the stem, and the petiole, respectively.
About 90% of the internal total alkaloid content was nicotine and nornicotine. The nornicotine concentration was about 15%
of nicotine in the leaf, higher in the root, but lower in the stem, and petiole, which is consistent with other reports (2, 4, 17) .
None of these internal parts of plant organs contain N-hydroxyacylnornicotine (Fig. 3, lanes b, d, nitrile, and analyzed. Both ofthe sources contain in a significant amount (Fig. 5) . Based on thi leaves were fed with [2'-'4C]nicotine. About: radioactivity was recovered, and 95% of this ma form of nicotine, nornicotine, or N-hydroxyacyli ble II). This result suggests either the indirec nicotine via nornicotine into the hydroxyacylate simultaneous direct conversion of nicotine into yacylnornicotine and nornicotine. To test bets native hypotheses the leaves were fed with [2'-' A significant portion of the radioactivity wa N-hydroxyacylnornicotine (Table III) . Furtherm activity of N-hydroxyacylnornicotine was highe beled nornicotine than labeled nicotine feeding, the nornicotine, not nicotine, is the direct N-hydroxyacylnornicotine production.
DISCUSSION
The localization and the synthesis of N-hydr4 tine is described here in one of the species of sec This substance, only recently described from fr iity Recovered (7), has been completely missed in many surveys (8, 17, 21, 22) . otine alkaloid
The failure ofthe alkaloid to be detected in fresh tissue previously )tine to leaves. may be because this chemical is hardly soluble in water and riments.
cannot be recovered from the so-alled base fraction, as can the other nicotine alkaloids (24) .
Other N-Hydroxyacylnornicotine is found in the exudate secreted by Components the glandular trichomes at the epidermis and its synthesis has direct connection with the pool of nicotine alkaloids. Nicotine, which is the main alkaloid in the internal tissue, is produced by the root in N. glauca, N. tabacum, and N. glutinosa, and trans-283.3 ± 90.3 ported to the aerial part of the plant where it is demethylated to nornicotine (4 (1) who also found these globules proposed that the kore, the specific chloroplast ofthe glandular cells may have a metabolism directed -r in case of la-toward lipid rather than starch. These results suggest a situation suggesting that in which the enzyme activity producing N-hydroxyacylnornicoprecursor for tine in Repandae is based on the fatty acid and the nicotine alkaloid pathway being present.
It is also of interest that the N-hydroxyacylnornicotine is heterogeneous with respect to length of the acylchain (C-12 to C-16, Ref. 20) . Thus, the enzyme activity is not very specific to oxyacylnornico-the C-14 chain length. Presently, it is not known whether or not -tion Repandae. the hydroxylation of the acyl chain is essential for the acylation esh plant tissue or toxicity. The isolation of the enzyme(s) of this pathway in trichomes is in progress (9) . If the acylation is due to a single enzyme it will make this system highly attractive for new approaches to plant genetic engineering. That is, to achieve novel production of an insecticidal nonprotein factor (7, 8) (5) . Thus, concepts developed using the N. stocktonii system may in the future be applied to solanaceous food plants as well.
